Translated from the Japanese 



Translated by Brian John Fish for 

Finnegan, Henderson, Farabow, Garrett & Dunner LLP 
October 12, 1999 



(19) Japan Patent Office (JP) 

(12) Public Report of a Laid Open Patent (A) 

(11) Laid Open Patent Application No. 8(1 996)- 100749 

(43) Laid-Open Date: April 16, 1996 

(51) Int.CL 6 Classification Codes Intraoffice Serial Numbers Fl Technical Disclosure Section 

F02N 15/02 C 

A 
G 
H 

Request for Examination: Not requested No. of Claim Clauses: 4 FD 
(Total of 4 pages) 

(21) Application No.: 6-2621 12 ~ — " 

(22) Application Date: September 29, 1996 

(71) Applicant 000006013 

Mitsubishi Denki Kabushiki Kaisha 

Tokyo-to, Chiyoda-ku, Marunouchi, 2-chome, 2-3 

(72) Inventor: Keisaku Zenmei' 

Himeji-shi, Chiyoda-cho, 840 banchi 

©Mitsubishi Denki Kabushiki Kaisha, Himeji Manufacturing Plant 
(72) Inventor: Shuzo Isozumi 

Himeji-shi, Chiyoda-cho, 840 banchi 

©Mitsubishi Denki Kabushiki Kaisha, Himeji Manufacturing Plant 
(74) Proxy: Hiroshi Murakami (and one other) 



Translator's note: An alternate reading of this name is "Yoshiaki." 



1 



(54) [Title of the Invention] A starter device. 



[Abstract] 

[Objective] In a front-nose type starter device, to enable the formation of a small-diameter output 
axle, to devise a lower number of pinion cogs, and to allow the output axle to bear an ample load 
despite the small output axle diameter. 

[Structure] By providing a stopper mechanism (30), which controls pinion motion, in a helical 
spline formed in part of the output axle (3a), the output axle's diameter can be made small and the 
output axle's thrust load can be borne by the front bearing's (16) end surface (3d). 
[Claim 1] A starter device wherein the engine driving pinion moves axially by means of a helical 
spline formed on the starter's output axle and whereby the end of the aforementioned output axle 
is supported by a front bearing mounted in the inner periphery of the front bracket located in the 
front of the aforementioned pinion, and characterized in that a stopper mechanism with a 
component to arrest the pinion's movement is formed in the aforementioned output axle's helical 
component; moreover, thrust loads when the aforementioned pinion moves and juts out are borne 
by the end face of the aforementioned output axle. 

[Claim 2] Starter device of Claim Clause 1 characterized in that a disc-shaped washer that faces 
the output axle's end face is force fit into a front bracket in the forepart of the front bearing. 
[Claim 3] Starter device of Claim Clause 1 characterized in that the aforementioned pinion 
comprises seven 2,54 modules. 

[Claim 4] Starter device of Claim Clause 1 characterized in that the aforementioned pinion 

comprises eight 2.117 modules. 

[A Detailed Explanation of the Invention] 

[0001] 

[Industrial Sectors Where Used] The present invention concerns the stopper, and the output 

axle's thrust load bearing, in a front-nose type starter device. 

[0002] 

[Prior Art] Figure 4 is a cross section illustrating, for example, the conventional starter device of 
Japanese Laid Open Patent Application Hei- 1(1 989)- 190967. Figure 5 is an enlarged cross section 
of the area surrounding the stopper in Figure 4. In the figures, (1) is a starter device, (2) is an 
armature, (3) is an armature rotating axle, (3a) is an output axle, (4) is an overrunning clutch, (5) 
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is a front bracket, (6) is a switch coil, (7) is a mobile core, (8) is a mobile contact, (9) is a 
stationary contact, (10) is a return spring, (1 1) is a shift lever, (12) is an engine-driving pinion that 
moves axially by way of a helical spline formed on the aforementioned output axle (3a), (13) is a 
ring gear, (14) is a stopper, (15) is a stopper setting ring mounted in groove (3b) provided in the 
output axle (3a) at the end of rotating axle (3), (16) is a front bearing, (17) is a cap, and (18) is a 
washer. 

[0003] Following is an explanation about operation. When current flows into the switch coil (6), 
this attracts the mobile core (7) and, by way of the shift lever (1 1), the overrunning clutch (4) and 
the pinions (12) push out forward and the pinion (12) engages the ring gear (13); simultaneously, 
the mobile contact (8) and the stationary contact (9) close, a heavy current flows to the motor 
component, torque is generated, and the engine starts. At this time, the overrunning clutch (4) is 
such that the pinion (12) and the stopper (14) come into direct contact whereby movement of the 
overrunning clutch is controlled. Then, when the switch's current is shut off, the mobile core (7) 
is caused to return by the action of the return spring (19), the clutch returns by means of the shift 
lever (1 1), and the operation is thereby completed. 

[0004] In this conventional device, though, a stopper (14) to control the movement of the 
overrunning clutch (4), a ring (14) to secure this stopper, and a ring groove (3b) in which the ring 
(15) is set, are provided in the back area of the front bearing (16). Hence, the impact force when 
the pinion (12) and the ring gear (13) engage concentrates in the ring groove (3b). Owing to its 
strength, then, the output axle's diameter is constricted dimensionally and the number of pinion 
cogs is at a minimum level of eight with a 2.54 module (DP 10) and nine with a 2.1 17 module 
(DP 12). In this structure, moreover, the output axle's shoulder component (3c) comes into direct 
contact with the washer (1 8) that is force fit to the back of the front bearing ( 1 6) and bears the 
thrust load, while the end of the front bracket (5) is sealed off by a cap (17) for dust-proofing 
reasons. 
[0005] 

[Problems the Invention Endeavors to Resolve] Generally speaking, the size of the motor 
component is in reverse proportion to the gear ratio of the engine's ring gear and the pinion. 
Hence, when trying to lower the number of cogs with the intention of creating a small-scale motor 
component (e.g., when there are eight with a 2.1 17 module), the axle diameter can be designed no 
smaller than this in a conventional structure owing to the ring groove's strength. This means the 



bottoms of the pinion cogs are thin and the pinions' strength cannot be guaranteed. Thus, 
conventional structures have the problem that a lower number of pinion cogs cannot be achieved. 
Also, with the axle diameter having been made small, the diameter of the front axle's bearing 
component can be made no smaller than this owing to strength. Hence, the difference between the 
axle diameter below the pinions and the diameter of the front bearing component becomes small 
or nonexistent. The problem when this happens is that it is difficult for the washer in the rear of 
the front bearing to sustain the thrust load. Also, when the force fitting of the thrust washer 
happens after bearing force fitting, the washer's outer diameter becomes relatively large. As shown 
in Figure 5, then, the wall thickness (t2) of the front bracket for force fit components becomes 
thin. When the washer is force fit, moreover, the axle's force fitting pressure is in a state where it 
is applied to the front bracket, and thus there is the risk of the front bracket breaking. 
[0006] The present invention was made to resolve the kinds of problems described above. Hence, 
the aim of the invention is to provide a highly reliable starter device wherein the output axle's 
diameter is small, and the pinion count is decreased (e.g., the number of pinion cogs can be seven 
in a 2.54 module and eight in a 2.1 17 module). With the gear ratio of the engine ring gear and the 
pinions becoming large, the motor component can be made small-scale and lightweight. 
Moreover, the device is such that ample thrust loads can be borne even if the diameter of the 
output axle is rendered small. 
. [0007] 

[Means to Resolve Problems] The starter device related to the present invention adopts a stopper 
structure having a pinion movement arresting component in the output axle's helical spline. A ring 
groove component to set the output axle's stopper located in the area around the pinions so as to 
concentrate engagement stress resulting from the ring gear and the pinions is negated. Moreover, 
by force fitting a washer in the forepart of the front bearing, thrust loads can be borne by the 
output axle's end face. 
[0008] 

[Function] With the starter motor of this invention, a stopper mechanism with a pinion movement 
arresting component is provided in the helical spline component. Hence, in addition to the ability 
to make the output axle's diameter small, a washer is provided in the forepart of the front bearing 
that can bear the output axle's thrust load and, while the axle diameter is small, ample thrust loads 
can be borne. 
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[0009] 

Embodiment 1 , Next, one embodiment of the present invention will be explained while referring 
to the figures. Figure 1 is a cross section of a starter motor relating to the present invention, and 
the pinion component in the figure illustrates the upper half having been moved forward. Figures 
2 and 3 are enlarged cross sections of the areas around the output axle's end component and the 
stopper component. In the figures, (4) is an overrunning clutch, (5) is a front bracket, (12) is a 
pinion, and (16) is a front bearing. These, together with the motor component and electromagnetic 
switch, are analogous to the aforementioned conventional device. (21) is a disc shaped washer 
force fit in the inner peripheral groove (5a) of the front bracket (5) in the forepart of the 
aforementioned front bearing (16). This washer is arranged to face the end face (3d) of the 
aforementioned output axle (3a). When the aforementioned pinion moves and juts out, it comes 
into direct contact with the aforementioned end face (3d) and bears the thrust load. Also, (30) in 
Figure 3 illustrates a commonly known stopper mechanism (Japanese Utility Model No. 55- 
53727) formed in the staggered helical spline component (3 1) of the output axle (3a). In the 
figures, (31a) is a first groove perforated axially to straddle groove (32), and (31b) is a second 
groove cut in the back part of the aforementioned groove (32). The wall surface (32a) of groove 
(32) becomes a stopper. In other words, this helical spline is constructed such that alternate 
strands are empty, and a thrust spline in which a helical spline is provided in alternate strands is 
inserted from the front part and twisted along a single path. 

[0010] As shown above, by adopting the stopper mechanism of Figure 3, it is unnecessary to 
provide a stopper groove in the output axle, which is an advantage in terms of strength. Hence, the 
output axle diameter can be made small and there can be seven pinions at M=2.54 and eight at 
M=2. 1 1 7. Also, because the diameter of the front bearing component cannot be decreased for 
reasons relating to strength, the elimination of staggering in the output axle and having its thrust 
load borne by the output axle's end face falls in line with machining rationalization. The thrust 
load can thus be supported by the output axle's end face. Since the thrust load can be supported by 
the output axle's end face in this manner, ample thrust loads can be borne even if the axle diameter 
becomes small. Also, at the location of the conventional washer (18) in Figure 5, the washer's 
diameter is large and the wall thickness of the front bracket's (5) housing becomes difficult to 
arrange or, with a washer being in a force fit state after being force fit into the front bearing (16), 
another washer is force fit and there is concern about the housing breaking. On this point, the 
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present structure overcomes the aforementioned problems by having the front bracket housing's 
wall thickness (tl) be greater than the aforementioned wall thickness (t2). Moreover, the washer 
need not be doughnut-shaped. Hence, machining also becomes easy. The lid serves its function, 
too, and so the conventional end cap (17) can be eliminated. 
[0011] 

[Outcomes of the Invention] As explained above, the present invention is such that a stopper 
mechanism is provided with a pinion movement arresting component in part of the output axle's 
helical spline component. In addition to devising a small-diameter output axle, the thrust washer 
is arranged to face the front of the front bearing so that the level to which the aforementioned 
diameter is decreased acts adequately to stop the thrust load. The invention has many outcomes, 
like those that follow: 

(a) Since the diameter of the output axle can be rendered small, the number of pinions can be 
decreased, the reduction gear ratio of the engine and the starter becomes large, and a small-scale, 
lightweight starter can be devised. 

(b) Since the thrust is received by the axle end face, the thrust load can be sufficiently borne. 
Moreover, the washer need not be doughnut-shaped, and the press mold becomes simple. 

(c) Since the shoulder component on the end of the output axle is eliminated, machining becomes 
easy. 

(d) Since the washer is arranged in the forepart of the front bearing, the conventional end cap can 
be eliminated. 

(e) Since the wall thickness of the front bracket housing can also be adequately secured, there is 
no need to worry when force fitting or about breakage. Also, the washer's tightening margin 
becomes easy to manage. 
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[A Brief Explanation of the Figures] 

[Figure 1] A cross section illustrating one embodiment of this invention. 
[Figure 2] An enlarged cross section illustrating the front end member of the output axle of 
Figure 1. 

[Figure 3] An enlarged cross section of the area around the stopper component of Figure 1 . 
[Figure 4] A cross section illustrating one example of a conventional starter device. 
[Figure 5] Enlarged cross section illustrating the front end member of the output axle of 

Figure 4. 
[Key to the Figures] 

(1)... starter device (2)... armature (3a)... armature rotating axle (4)... overrunning clutch 
(5)... front bracket (12)... pinion (16)... front bearing (21)... washer 
(30)... stopper mechanism (31)... helical spline. 
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